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Abstract 

 
The unplanned growth of urban cities has adversely affected the thermal conditions. The Land Use and Land Cover (LULC) present 
in urban areas significantly impacts the thermal conditions of the surrounding environment. This study investigated the cooling effect 
of river in dense urban environments. It is conducted on the Yamuna river that flows through New Delhi, the capital city of India. The 

River Cooling Intensity (RCI) and River Cooling Range (RCR) assessment has been done for the summer season of May 2023 with 
the help of Landsat 8 images. The RCI ranged from 3.58°C to 1.16°C while the RCR varied from 1320 m to 360 m.  It is observed that 
the river cooling effect is higher in the built-up class while the vegetation class weakens the effect of river cooling intensity and range. 
Zonal mean temperature varies from 32.02°C to 34.82°C according to the LULC distribution. This study provides valuable insights 
into the relationship between river cooling and temperature regulation according to the LULC classes. It also establishes the presence 
of an urban cool island inside the city region due to the river, as the mean temperature of the river surrounding (33.83°C) was lower 
than that of the city (35.73°C).  
 

1. Introduction 

Urban development changes the energy balance of the pre-urban 

site on which the city is built, resulting in a temperature 
difference between urban areas and the surrounding rural areas, 
referred to as "Urban Heat Island" (UHI) (Oke, 1973). According 
to the report of the International Panel on Climate Change 
(IPCC), the average global surface temperature is projected to 
rise between 0.3°C to 4.8°C by the end of the 21st century, along 
with the frequency and duration of extreme temperature events 
like heatwaves (IPCC, 2022). The synergistic effect of UHI and 

heatwaves often cause serious damage to human health (Kovats 
and Hajat, 2008; Völker et al., 2013). Therefore, mitigation of 
UHI effects has become one of the main contents of current 
urban-scale climate research (Wang and Ouyang, 2021). 
 
Land Use and Land Cover (LULC) has a direct impact on the 
Land Surface Temperature (LST) (Verma et al., 2021). Land use 
patterns could cause heat trapping inside urban cities, which 
results in thermal discomfort (Dutta et al., 2019). Proper 

landscape planning can form the Urban Cooling Island (UCI) 
within the cities (Yao Yuan et al., 2018).  Urban rivers play a 
crucial role in mitigating heat and cooling the surrounding 
environment by the River Cooling Effect (RCE). They are an 
integral component of urban blue-green spaces (Cheng et al., 
2019; Gunawardena et al., 2017). The structure of a water body, 
as well as the terrain and land use around it has an impact on UCI 
intensity. The architectural structure and spatial layout of the area 

can also play a role in it. When solar radiation reaches the water 
surface, it removes heat by causing water to evaporate and creates 
the UCI effect (Cao et al., 2022; Gupta et al., 2019). The primary 
role of water bodies in the urban climate is their influence on the 
transformation of sensible and latent heat fluxes. On the one 
hand, the high heat capacity produces the "thermostat effects" of 
water bodies compared to surrounding building materials 
(Spronken-Smith et al., 2000). The high evaporation leads to the 

"oasis effect" of  water bodies, reducing the surrounding surface 
air temperature(Oke, 1982). 

 
The academic community researched the UCI effect created by 
urban water bodies like rivers, lakes, and reservoirs (Chang et al., 
2007; Chen et al., 2014). A 35m wide river may decrease the LST 
by 1°C to 1.5°C (Stearns, 1990). In Seoul, South Korea, a 
comparative survey was conducted that focused on the 
restoration of the Cheonggye river, a channelled stream between  
20m and 30m wide. The survey revealed that the average near-

surface temperature over the stream area decreased by 0.4°C after 
the restoration project (Danovaro et al., 2011). The wider river 
generated a greater cooling effect than the narrower rivers (Xiao 
and Xu, 2010) The Ota river in Japan has a width of 
approximately 270m and a UCI intensity of around 300m 
(Murakawa et al., 1991). On a smaller scale, the UCI intensity of 
a 22m wide river in Sheffield, UK, was recorded up to 30m 
(Hathway and Sharples, 2012). In general, smaller bodies of 

water tend to have a weaker cooling effect, which is more 
apparent in larger water bodies (Kang et al., 2023).  
 
Urban rivers have been given less attention than the park cooling 
effect. In the Indian context, very few studies have been done to 
relate the combined effect of the LULC and LST parameters in 
river cooling aspects. So, for a clearer picture and analysis of the 

River Cooling Range (RCR) and River Cooling Intensity (RCI) 
with LULC connection, it is important to analyse the cooling 
nature of urban rivers. New Delhi is one of the fastest-growing 
and densely urbanized regions of India. Due to the rapid pace of 
urbanization, the landscape of New Delhi has undergone a drastic 
change, which shows an anomaly of temperature (Mahato et al., 
2023). One of the major rivers of India, Yamuna, flows through 
this region. This paper aims to study the RCE of the Yamuna 

river in New Delhi. The objectives of this study are: (1) to analyze 
the LST pattern around the bank of Yamuna river (2) to assess 
the RCR and RCI in urban areas and explore the river cooling 
effect in complex urban landscapes; (3) to understand the linkage 
between LULC and LST in the proximity of Yamuna river.  
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2. Study Area 

New Delhi is the capital city of India. It is located on the banks 
of the Yamuna river, as shown in Figure 1. It is the fourth longest 

river in India. The geographical extent of Delhi is from 28°24'17 
"N to 28°52'57 "N latitude and 76°50'20 "E to 77°20'49 "E 
longitude. Delhi is one of the largest metropolises in terms of area 
in the nation, spanning 1483 km2, of which 369.35 km2 is 
classified as rural and 1113.65 km2 as urban. It has a population 
of around 16.8 million, according to the census of 2011. New 
Delhi has a hot semi-arid climate. The Yamuna flood plains and 
the ridge are two of New Delhi's most notable features.  
 

The study is conducted along the stretch of the Yamuna river that 
flows through New Delhi. The flow stretch of this river in New 
Delhi is around 26 km. In the study area, the width of the river 
varies between 150m to 550m, which is evident from the satellite 
image. The LULC pattern and LST variation have been studied 
in the 960m buffer around the river.  
 

 

Figure 1 Map of study area showing the Yamuna river and 
buffer rings along the river bank extent in New Delhi 

 

3. Data Used 

Landsat 8 OLI (Operational Land Imager) and TIRS (Thermal 
Infrared Sensor) data have been used. The image scene of path 
146 and row 40 is downloaded from the United States Geological 
Survey (USGS) (https://earthexplorer.usgs.gov).  Its acquisition 
date was 9th May 2023. The cloud coverage was minimal on this 
date. Therefore, this data was selected for further analysis. High-
resolution satellite imagery from Google Earth is utilized for 
LULC delineation. LULC boundaries are created by digitization 

on the Google Earth Pro software and with the help of historical 
imagery datasets of the year 2023. KML files were generated and 
exported to ArcGIS with WGS84 datum and UTM zone 43N 
projection. The administrative boundary of Delhi is downloaded 
from the Survey of India (https://www.surveyofindia.gov.in/) for 
analysis.   
 

4. Methodology 

The following methodology has been followed to achieve the 
research objectives: 

4.1 Digitization and extraction of LULC classes around the 

river 

 

The river boundary is obtained through the digitized of Google 

Earth image. The length of the river in the study area is 
approximately 26 km. It is divided into 3 sectors, each with 8.666 
km, which generates 6 zones, one left and one right from each 
sector. They are then digitized through the high-resolution 
satellite images on Google Earth Pro software. The width of the 
river varies between Zone 1 to Zone 6, from 150m to 550m. 
LULC classes around the Yamuna river are carefully digitized. 
They are grouped into 7 major classes: built-up, mixed built-up, 

industry, water/wetland, dense vegetation, mixed/sparse 
vegetation, and sand. The format of these polygons is KML. 
Therefore, KML files are converted into shapefiles in ArcGIS 
software.  
 

4.2 LST calculation and zonal LST mapping 

 
For the calculation of LST data from Landsat 8 satellite 
imageries, thermal band 10 is used. The LST is calculated using 

the conventional method in ArcGIS software. This model 
consists of different stages of LST calculation, as given in the 
user handbook of Landsat 8 (U.S. Geological Survey). 
The top of atmosphere is calculated using the given formula:                          
 

𝐿λ = 𝑀L ∗ 𝑄𝐶𝑎𝑙  + 𝐴L 
 
where     Lλ = spectral radiance  
              ML = multiplicative scaling factor (B10)  

              AL = additive scaling factor (B10)  
              QCal = pixel value in DN 
    

(1) 

Brightness temperature computation as per equation: 
 

BTK =  
K2

ln ∗ (1 +
K1

Lλ
)
 

 
(2) 

 
where    BTK = brightness temperature (K)  
              K1 = calibration constant (774.8853) 
              K2 = calibration constant (1321.0789) 

 
In the final step, the calculation of LST in (°C) by: 
 

LST =  BTK − 273.15 (3) 
 

After this, the LST of each zone has been extracted. LST of each 
120m buffer has been computed up to 960m except for Zone 4. 
Because Zone 4 has a dense built-up area, the LST calculation is 
done up to 1560m to compute cooling indices. The calculation of 

the mean LST of each buffer ring is performed, which provides 
the river cooling range and river cooling intensity of individual 
zones. This mean value calculation of LST and zonal LST 
mapping is done to know the cooling extent and the cooling 
pattern inside the urban city. This will reveal the variation of the 
temperature based on the distance from the river bank 

 

4.3 River cooling indices  

 
Several indicators can be used to assess the cooling of a river, 
among which are RCR and RCI are most commonly used. They 
provide a clear visualization of the cooling pattern. For this, the 
mean temperature in each buffer is calculated. The zonal statistics 
tool is used to calculate the mean LST at every 120m. Thereafter, 
a graph between buffer distance and mean LST will be plotted to 
obtain the First Turning Point (FTP). The distance (DFTP) at 

which the first dip in temperature occurs is considered as the FTP. 
It is used in the computation of several cooling indices like RCR 
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and RCI. The distance from the river bank (D0) to the FTP is 

known as the River Cooling Range (RCR). 

 

RCR = DFTP − D0 (4) 

 
The LST difference between the river bank temperature (T0) and 
maximum temperature (Tmax) before the FTP is known as the 
river-cooling intensity (RCI).  
 

RCI = Tmax − T0 (5) 

 
A larger RCR denotes a greater influence range, while a larger 

RCI indicates a sharper cooling effect. 

 

4.4 Assessment of LULC influence on cooling 

 
The LST layer is clipped by the LULC to assess the temperature 
pattern within the LULC classes. The clipper shapefile of 
individual LULC classes is prepared. The mean LST value for 
individual LULC classes of each zone is obtained, which 

provides the distribution of LST. The extract by mask tool of 
ArcGIS software is used to compute LULC wise LST. This 
would help to identify the effect of LULC on LST.  Further, LST 
variation is analyzed for some of the critical locations.  

 

 

5. Result And Discussion 

5.1 UCI Mapping and Analysis 

The LST data of the study area is generated from the thermal 

band 10 of Landsat 8. The LST in New Delhi ranges from 26.0⁰C 
to 46.17⁰C. The segment of Yamuna river, which falls within the 
study area, has temperature variation from 27.2°C to 36.5°C. The 
maximum and minimum temperatures in the zones are 41.24°C 
and 26.86°C, respectively. The mean temperature in the 
surrounding of the river is 33.83°C. This depicts the formation of 
UCI in the study area. 
 

S. 

No. 

LST Range  

(°C) 

Classified 

Rank 

Segmented Threshold 

1 27-27.885 Lower (min, avg-2.5SD) 

2 27.885-30.195 Low (avg-2.5SD, avg-1.5SD) 

3 30.195-32.505 Medium (avg-1.5SD, avg-0.5SD) 

4 32.505-34.815 High (avg-0.5SD, avg + 0.5SD) 

5 34.815-37.125 Higher (avg + 0.5SD,avg+1.5SD) 

6 37.125-41.250 Severe (avg + 1.5SD, max) 

 

Table 1. LST values of zones showing temperature range and 
segmented LST classes 

 
The LST layer is then segmented as per Table 1. The LST around 
the river is divided into classes according to the standard 
deviation method as described in other research (Cheng et al., 
2019).  Figure 3 shows the LST variation, through which the 
colder and hotter regions can be observed. 

 

 

 

Figure 2. Zone-wise representation of LULC classes and the LST pattern in individual zones
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Figure 3. Representation of RCR and RCI according to the distance vs LST values for 6 zones 

 
To further analyze the temperature variation with distance from 
the river bank, the graph is plotted between distance and 
temperature, as shown in Figure 3. Zone 1, zone 2, and zone 6 all 
have the RCR of 360m. Zone 4 has a maximum RCR of 1320m. 
RCI is maximum for Zone 4 with 3.58°C while minimum for 
Zone 6. Zone 3 has the second highest RCI of 3.34°C; after that, 

zone 5 has an RCI of 2.73°C. RCI and RCR are important 
parameters that define the thermal comfort and cooling nature of 
the river around the banks. LULC has now been analyzed to 
understand the variation in LST and cooling indices. 

 

5.2 Linkage of LULC with UCI 

The LULC in the river surrounding is obtained through 

digitization. This region is dominated by sparse vegetation cover 
(23.47km2) which includes scattered trees, shrubs, bushes and 
cropland. The built-up (8.80km2) has the second largest 
coverage, consisting of compact buildings, stadiums, bus, and 
metro depots. The third largest LULC is mixed built-up 
(6.94km2) with low-rise buildings and scattered housing units 
with trees. It is followed by dense vegetation (6.28km2), 
water/wetland (3.40km2), sand (2.79km2) and industry 

(1.73km2). The direct impact of LULC on the LST could be 
observed through visualization in Figure 2, which is quantified in 
Table 2 and Table 3.  
 

In zone 1, maximum LST is observed for the built-up class, while 
sand present near the banks has minimum LST. Generally, sand 
has a high LST range, but it is showing less temperature due to 
moisture present in the sand. In this zone, sparse vegetation has 
the highest LULC cover of 41.21%, while water covers 14.47% 
of the area. This reduces the RCR due to a dip in temperature by 

the natural covers.  
Zone 2 has 44.37% of sparse vegetation followed by 28.64% of 
dense vegetation. This contributes to lower LST values in nearby 
regions and reduces the RCR and RCI. However, due to 13.97% 
of built-up coverage, zone 2 has a higher mean LST value than 
zone 1. The built-up class shows the highest LST of 35.71°C, 
while dense vegetation has the lowest LST of 32.70°C. 
 

Zone Built-up 
Mixed 

Built-up 

Water/ 

Wetland 

Dense 

Vegetati

on 

Sparse 

Vegetati

on 

Sand Industry 

1 17.39 11.22 14.47 3.13 41.21 9.35 3.23 

2 13.97 5.43 0 28.64 44.37 6.76 0.83 

3 0 53.40 6.79 1.32 34.75 3.74 0 

4 43.59 0.19 4.66 8.30 36.00 6.62 0.64 

5 19.24 10.78 1.63 0.98 54.39 2.54 10.44 

6 2.46 0 11.69 28.96 51.26 2.38 3.25 

Table 2. LULC percentage in each zone (all the values are in 

percentage) 
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Zone 1 

(a) Metro Depot (b) Sand (c) Built-up 

      
 

 

 

Zone 2 

(d) Ground (e) Trees (f) Highrise 

      
 

 

 

Zone 3 

(g) Bus Depot (h) Sand                 (i) Industry 

      
 

 

 

Zone 4 

(j) Mixed Built-up (k) Water (l) Trees 

      
 

 

 

Zone 5 

(m) Road (n) Power station (o) Water 

      
 

 

 

Zone 6 

(p) Road (q) Agriculture (r) Wetland 

      
 

Figure 4. Sample of LULC classes from each zone and their corresponding LST pattern 

In zone 3, mixed built-up has 53.40% area coverage, which 
contains scattered trees surrounding the building and has a larger 
RCR value of 840m and RCI value of 3.58°C. Sparse vegetation 
has coverage of 34.75%, which is significant, but due to the 
higher built-up area, the mean LST is highest for this zone, which 

is 34.82°C, as given in Tables 2 and 3.  
 
Zone 4 has the highest built-up coverage of 43.59% and the 
highest mean LST of 36.70°C, which contains dense built-up and 
more impervious surfaces. This causes the highest RCR of 
1320m and RCI of 3.58°C. Similar results of higher FTP due to 
the presence of built-up are found in other research (Jiang et al.,  
2021). Sparse vegetation has the second highest area coverage of 

36% in this zone.    

In zone 5, sparse vegetation has 54.39% area coverage followed 
by a built-up area of 19.24%, which reduces the RCR range to 
600m and RCI to 2.73°C. Due to the high percentage of sparse 
vegetation, this zone's mean LST is less compared to zone 2, zone 
3 and zone 4. Also, zone 5 shows a maximum LST of 36.06°C 

for the built-up class, while the minimum LST is 32.02°C for 
dense vegetation. This zone has the highest presence of industry 
class among all other zones. Its impact could be seen on the LST 
of nearby vegetation. 
 
Zone 6 has 51.26% of sparse vegetation and 28.96% of dense 
vegetation. Due to the combined effect of these two LULC 
classes, the RCR is reduced to 360m and RCI of 1.16°C as given 

in Tables 2 and 3. It also causes the minimum zonal mean LST 
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of 32.02°C. The maximum temperature is 36.94°C for industry, 

and the minimum LST is 29.50°C for water and wetland in this 
zone. 
 

Zone 

Zonal 

mean 

LST 

Built-up 

mean 

LST 

Mixed 

Built-up 

mean 

LST 

Water/ 

Wetland 

mean 

LST 

Dense 

Vegetati

on mean 

LST 

Sparse 

Vegetati

on 

mean 

LST 

Sand 

mean 

LST 

Industr

y mean 

LST 

1 33.51 35.83 35.02 32.06 34.30 32.94 31.92 33.55 

2 34.04 35.71 33.93 NA 32.70 34.40 34.04 32.82 

3 34.82 NA 35.62 33.91 33.89 33.94 33.63 NA 

4 34.68 36.70 33.44 33.07 32.81 33.19 32.75 33.43 

5 33.92 36.06 35.31 32.50 32.02 32.61 32.98 35.84 

6 32.02 35.10 NA 29.50 32.68 31.78 31.64 36.94 

 
Table 3. LULC-wise mean LST values in each zone (all the 

values are in °C) 
 
All six zones exhibit unique LULC characteristics, resulting in 
significant temperature changes and values for the same LULC 
class across different zones. As shown in Figure 4, in zone 1, 

metro depot (a) shows a higher temperature than built-up (c) due 
to the uniform and metal covering on the roof. In zone 2, ground 
or open area (d) is showing higher LST than the high-rise 
building (f) because the green cover surrounds the high-rise 
building. In zone 3, industry (i) is showing higher LST values in 
comparison to bus depot (g) and sand (h). Zone 4 shows some 
anomalies in the case of LST of trees (l) because the trees are 
located within proximity to the industry. In zone 5, the open road 
(m) shows higher LST values while water (o) shows less LST. In 

zone 6, road (p), which is much broader and has significant 
traffic, shows higher LST, while the wetland (r) shows less 
temperature than agriculture (q). It is observed from the LST map 
of LULC classes that sometimes, few of the LULC classes show 
anomalies because some other LULC pattern is present in their 
proximity.   
 
Overall, this study explained a significant relationship between 

LULC's influence on the temperature pattern in the urban areas 
and the cooling properties of the Yamuna river. From the 
analysis, as shown in Figure 3, it can be seen that the vegetation 
cover diminishes the RCR and RCI (zone 2 and zone 6), while a 
higher built-up class leads to higher RCR and RCI (zone 4). The 
cooling effect of the river is more prominent and longer where 
built-up classes have more coverage. Mean value of RCI is 
2.275°C, which provides good thermal comfort while RCR 

values range from 360m to 1320m with a mean value of 640m 
which provides longer natural river cooling. It is also observed 
that around industry and highways, LST values are higher, but 
LST of some other LULC classes are affected by the surrounding 
LULC class, as shown in Figure 4.    
 
It is also observed and shown in Figure 4 that vegetation is good 
enough to manage the heat and reflects lower temperatures while 

built-up and other paved surface has higher temperature ranges. 
Also, the vegetation around the built-up has a slightly higher 
temperature than the vegetation distant from the built-up as 
shown in Figure 4. Thus, based on this study, it can be established 
that the land use and urban activity of urban areas significantly 
decide the thermal condition and heat distribution around the 
urban region. It also affects the RCR and RCI range. So, this 
analysis can help in the planning of LULC around the urban 

rivers to reduce the heat effect inside the urban areas and for the 

sustainable development of cities. 
 

6. Conclusion 

This study analyzed the impact of the river cooling of the 
Yamuna river in the New Delhi area using Landsat 8 OLI-TIRS 
data with landscape patterns by categorizing the LULC in 7 major 
classes present around the river banks up to 960m. The results 
indicated that the impact of river cooling is measurable and 
noticeable. The study found that the RCR value varies from 360m 
to 1320m while the RCI value ranges from 1.16°C to 3.58°C. A 
mean RCR of 640m is very significant in urban areas. It is also 

observed that the same LULC class has varying LST values 
according to land use present around them. New Delhi is a highly 
dense urbanized city that has been facing thermal discomfort for 
the last few years. To overcome this problem, city planners and 
local authorities should incorporate new planning schemes that 
can bring more vegetation and water coverage inside the city. 
This study provides insights related to the importance of river 
cooling and its indices connected with LULC classes on the 

mitigation of urban heat, which will benefit a good thermal 
ecosystem inside urban regions. 
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